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The purpose of this contribution is to stress the great importance of polarization observables for 
the study of nucleon resonances, in particular in the case of deuteron and proton probes. Polarization 
observables play a unique role in signing the reaction mechanism and bring new information in the 
microscopic description of baryon resonances. We will calculate the relevant polarization observables, 
for p + d- and p + a-coUisions, in case of inclusive reactions and for some selected exclusive channels. 

o". 

O . I. INTRODUCTION 

o 

After the static properties as masses, widths and magnetic moment, a good comprehension of the form factors in 
the ground state as well as in the excited state, is required. In the field of nucleon resonances, in particular, the nature 
of the nucleonic resonance Pii(1440), the Roper resonance, with isotopic spin 1/2 and usual spin 1/2 (excited nucleon) 
lO . is still not well known. This resonance was discovered during the phase shift analysis of data on TriV-scattering [Q, it 
is predicted by most of the quark models, but never directly observed. 

The measurement of transition nucleon form factors is mostly based on studies with electromagnetic probes where 
' one measures the different polarization observables for meson electroproduction processes. However, due to the isospin 
, nonconservation in the electromagnetic interaction, a photon does not have a definite value of isospin. Therefore 
' it is not possible to separate the isoscalar and isovector contributions, using only data about inclusive 7*p— and 
7* n— collisions, but, due to the isoscalar selectivity of the deuteron probe (in the framework of a t— channel exchange 
' approximation for the process d + p ^ d + X), it is possible to determine the isoscalar amplitude separately. In this 
, respect hadronic processes may be considered as the necessary and complementary tools to study the isotopic structure 
of 7* A^— interactions. 

. The study of iV*— structure by hadronic probe has known advantages with respect to real or virtual photons: large 
' values of cross sections, advanced technics of high intensity d and p beams, polarized targets and polarimeters, absence 
^ of problem of radiative corrections, natural selection of isoscalar iV*-excitation, if one chooses isoscalar particles, as 
d or a. On the other hand, the reaction mechanism is not well known a priori. The w— exchange seems to be the 
best mechanism to describe the iV*-excitation in dp— or rfa— collisions: the ujNN coupling constant is large, a spin 
. ^ ' one exchange allows to obtain very specific polarization phenomena and energy-independent cross section. In the 
. framework of this mechanism, it is possible to predict all observables for the reaction d + p^d + X in terms of 
^ ' deuteron electromagnetic form factors and isoscalar form factors of ^ A^ * transitions j^J^ . 

5^ , In this contribution wc will recall the properties of the d + p —>■ rf + A and a+p a + X reactions in the framework 
of uj— (c— , '7") exchange and derive the relevant polarization observables. 
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II. THE REACTION d + p ^ d + X 

The differential cross section has been measured in the past at incident energy Ej,—1.6 GeV [Q and more recently at 
Ed^2.3 GeV, at the Saturne accelerator [||. Polarization observables have been measured at Saturne 1^ and Dubna 
. The existing data on the differential cross section for this reaction show the presence of at least two mechanisms 
in the intermediate energy region ( 2 < Ekin < 10 GeV). One is the coherent excitation of d with pion production 
(Fig. la), which results in a Deck peak 0, in the energy spectrum of the scattered deuterons. The isotopic spin of 
this peak is / = 1/2, but the spin and the space parity P of the Deck peak may not have a unique value. The Deck 
effect decreases when the energy of the colliding particles increases, while the role of a second mechanism, the direct 
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N*— excitation, must become more important. This can be described by a channel exchange by mesonic states 
(Fig. 2b), with / = and with different J^: cr, 77, uj... 

The tensor analyzing powers, which are strongly negative, show a large similarity with the tensor polarization data 
measured in ed elastic scattering ||^, therefore suggesting the w— meson being the most probable mediator. 

An extended version of a model based on i— channel w-exchange has been published in |^,||. Let us recall here 
two main results: the linearity of the cross section as a function of a kinematical variable y, defined below, and a 
factorization of the tensor analyzing power in a function of the deuteron and the TV* electromagnetic form factors. 



A. General structure of the differential cross-section 



The differential cross section, corresponding to diagram 16 (with w-exchange), can be written in the following form: 



a 



dtdw^ 



N[ij' + a{t,w% (2.1) 



where: y — — — — , t — (pi — p^)^ and w is the invariant effective mass of X, in the process d + p ^ d + X. 

mM 

Here m {M) is the proton (deuteron) mass. The notation of four-momenta is illustrated in Fig. lb. 

The linear y 2— dependence of the differential cross section is a direct consequence of the spin one w— exchange in 
the t— channel. In a general case the inclusive scattering process p{d, d)X is characterized by 3 independent variables: 
t^vo^ and s, s = [pi +^2)^- The dependence of the cross section from t and vo^ has a dynamical character and is 
described by the corresponding SF's for the dduj— and LopX— vertexes. 

The linearity of the dependence (1) of the double differential cross section on y^ can be experimentally tested 
by a measurement of the differential cross section, at three different energies of the initial deuteron (3 different 
values of s), at fixed values of t and uP' . This linearity is a direct consequence of the w— exchange mechanism, 
and such measurement would be an experimental test of the validity of the exchange mechanism, equivalent to 
the Rosenbluth fit for electron-hadron scattering. One can mention that the Rosenbluth fit allows also to separate 
the contributions of longitudinal and transversal photon polarizations to the differential cross section of any process 
e~ + A — > e~ -\- X . Similarly, the study of the y^— linearity of the double differential cross section for processes 
d + p ^ d + X will allow to separate two different structure functions. At the limit s ^ w^, we have: 

a{t,w'^) 

— s ^ 00, {^■^) 



dtdw^ 32 7r2 ' 

i.e. the differential cross section becomes s- independent, as it is expected for a t— channel exchange of a spin-one 
meson. In case of 77— or cr— exchange the cross section has to decrease with s according to: 

(2.3) 



dtdw^ 

These different properties should help to sign experimentally the w— exchange contribution 



B. The tensor analyzing power 

The predictions for this observable, in case of uj—, 77— or ct— exchange are very different and are given below. 
(T-exchange 

The ddcr-vertex can be described, in the general case, in terms of two independent form factors with the following 
spin structures: go{t)Ui ■ C/^ and g2{t)k ■ Ui k ■ [/|., where k is the unit vector along the three-momentum transfer, 
Ui{U2) is the vector of polarization of the initial (final) deuteron and go{t) and 52 (i) are form factors related to the 
deuteron form factors. 

The tensor analyzing power is: 

It is possible to induce tensor analyzing power even in the case of cr— exchange (spin particle), only if one takes into 
account high order effects (interaction with derivatives) which are characterized by (?2(i)- 
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ry-exchange 

In this case the ddrj-vertex is characterized by a single spin structure, gi{t)k • C/i x C/j , and using the NN*r]-vertex 

in the form: X2'^ ' ^Xi; one can find T20 = — p, positive and i— independent. The form factor gi{t) of the ddr]— vertex 

v2 

is proportional to the magnetic form factor of the deuteron (in the impulse approximation), 
w-exchange 

The tensor analyzing power in d + p— > d + X , T20, can be written in terms of the deuteron electromagnetic form 
factors as: 



rj. /t; Vi + {2V0V2 + Vi)r{t) 



where Vo(t), Vi(t) and V2{t) are linear combinations of the standard electric, Gc, magnetic and quadrupole Gg 
deuteron form factors. The ratio r characterizes the relative role of longitudinal and transversal isoscalar excitations 
in the transition lo + N ^ X . It can be written, for the excitation of any nucleon resonance N* , as follows: 



1^1/2 + ^1/2!^ + 1^3/2 + ^3/2 



= I , t2 , I , 12 ^ '^L{t)/aTit), (2.6) 



where A^'" is the longitudinal form factor, A^'J!^ ^^'^ ^3/2 possible transversal form factors, corresponding 

to total 7* + A^-helicity equal to 1/2 and 3/2, for proton and neutron. 

The excitation of overlapping resonances with finite values of widths, introduces a w-dependence in r as follows: 

= (2.7) 

2^.^aT,i(t)Bt[w)Ci 

where Bi{w) is a Breit-Wigner function for the i — th A'^*-resonance with a definite normalization: 

/■oo 

= / dwB,{w), (2.8) 

where is the pion mass. 

The interference due to the excitation of different resonances does not appear in the inclusive processes. It is 
contained in the angular distribution of the decay products (for example 7r-production) , on which an integration is 
implicitely performed in the previous formulas. 

From Eq. (5) one can see that all information about the a;iVA^*-vertex is contained in the function r only. A 
zero value of r results in a t— and w-independent value for T20, namely T20 = — 1/\/8, for any value of the deuteron 
electromagnetic form factors. The ratio r is calculated using the collective string model in [P|-^t|, assuming SUsf{6) 
symmetry, including the contributions of the following resonances: 7Vii(1440), 5*11(1535), Z3i3(1520) and 5*11(1650), 
which are overlapping in this energy region. 

Of these four resonances only the Roper resonance has a nonzero isoscalar longitudinal electromagnetic form factor. 
The isoscalar longitudinal amplitudes of 5ii(1535) and Z3i3(1520) excitations vanish because of spin-fiavor symmetry, 
while both isoscalar and isovector longitudinal couphngs of 5ii(1650), Z3i5(1675) and £'i3(1700) excitations vanish 
identically. 

In Fig. 2 we report the theoretical predictions for T2Q, using Eqs. (5-6), together with the existing experimental 
data. In such approximation T20 is a universal function of t only, without any dependence on the initial deuteron 
momentum. The experimental values of T20 for p{d, d)X 1^,^, for different momenta of the incident beam are shown 
as open symbols. These data show a scaling as a function of t, with a small dependence on the incident momentum, 
in the interval 3.7-9 GeV/c. On the same plot the data for the elastic scattering process e~ + d ^ e~ + d ^ are 
shown (filled stars). 

These different data show a very similar behavior: negative values, with a minimum in the region \t\ ~ 0.35 GeV^ 
and their value increase toward zero at larger \t\. The lines are the result of the cj-exchange model for the d+p d+X 
process: for r = (dashed-dotted line), the calculation based on for the Roper excitation only is represented by 
the dotted line and for the excitation of all the four resonances by the the full line. The deuteron electromagnetic 
form factors have been taken from |T2[ , a calculation based on relativistic impulse approximation, and they reproduce 
well the T20— data for ed elastic scattering When r ^ or if the contribution of the deuteron magnetic form 
factor Vi (t) is neglected, then T20 does not depend on the ratio r, and coincides with t2o for the elastic ed-scattering 
(with the same approximation). 
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From Fig. 2 it appears that the t— behavior of T20 is very sensitive to the value of r especially at relatively small r, 
r < 0.5. The values of r, predicted by model give a very good description of the data, when taking into account 
the contribution of all four resonances. These data, in any case, exclude a very small value of r, r <C 0.1 as well as 
very large values of r. Such sensitivity of T20 for d + p ^ d + X to the ratio of the corresponding isoscalar form 
factors of the A^*-excitation gives an evident indication of the excitation of the Roper resonance in this process. The 
predicted dependence of the ratio r{t, w) and of T20, on the initial deuteron momentum is not so large, in agreement 
with experimental data. 

This model for d -\- p —i- d + X may be improved, taking into account for example, other meson exchanges, or the 
effects of the strong interaction in initial and final states. However the corrections that can be added to the model 
presented here are strongly model and parameter dependent, and are not justified by the existing experimental data. 

Let us note in this connection, that, in the considered model, all T-even polarization observables are nonzero and 
large in absolute value. This is an intrinsic property of oj-exchange. But all T-odd polarization effects cancel, because 
we neglected the strong interaction in initial and final states. In case of coUinear kinematics, all one spin T-odd 
polarization observables vanish, in any model. The most simple T-odd polarization observable, which exists in the 

general case for the collinear kinematics, corresponds to the following correlation coefficient: k ■ P x Q, Qa = Qabkb, 
where P is the proton polarization and Qat is the deuteron tensor polarization. A measurement of these observables 
will give a direct information on the presence and intensity of the final or initial strong interaction. The tensor 
analyzing power T20, being a T-even observable, is less sensitive to such effects. 



C. CoefHcients of polarization transfer ind + p — > d -\- X 

Let us calculate the (vector) transfer polarization coefficients (with a, a' = x,y or z) from initial to final 
deuterons, in the processes d+p — *■ d+X, in the framework of u— exchange. Using the corresponding parametrization 
of the Ljdd— vertex, one can find the following formulas, for the nonzero polarization transfer coefficients: 

y ^ 2W^ + {W^ + Vi + 2V„V2)r{ty 

^ 2W^ + {WS + V:i + 2VoV2)r{ty ^ 

For r = we obtain simply: = = Kl = | = 0.375 : all coefficients are positive and independent. As in 
the case of T20 the ratio r{t) contains all the information about the properties oi top ^ X vertexes. From Fig. (3), 
one can see that Kl^ has a strong q and r dependence. The point where all lines for different r are crossing is due 
(as for T20) to a special combination of Vo and V2 (see the numerator of Eq. (6)). At g = 0, if^ = 1/2, for any value 
of r, as Vi = V2 = 0. The largest sensitivity to r is in the region q > 3 fm~^ and the position of zero crossing is 
strongly r— dependent. 



III. POLARIZATION PHENOMENA IN p + d ^ p + M " + d, M" = OR tt 

The polarization properties of the produced protons in the processes p + d ^ p + -|- d, M° = cr, 77 or tt" depend 
essentially on the kind of the produced meson and on the quantum numbers (J^^) of the nucleonic resonance in the 
intermediate state : p + d ^ N* {J^) + d ^ p + A/" + d. Let us consider the case of Roper excitation, with = i . 

A. cj-exchange 

The nonzero polarization transfer coefficients for cr-production: p + d^p + a + d are : 

y 4 + 7^' ^ 4 + 7^ ' {W^ + ^2VoV2)r{ty ^ ' 

i.e. these coefficients depend only on the momentum transfer t. 
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On the other hand a dependence from the M°-production angle is contained in the decays N* ^5^^ — > p + 7r° (or 

p + r]), with P-wavc production of the pscudoscalar meson. In this case we obtain that all coefficients allowed by 
the P-invariance of strong interaction are nonzero; 

if-' = (l-2cosX)-^, (3.3) 



Kl' = {l-2cos^9^)^^, (3.4) 

K^J = {sin2e^)^^^, (3.5) 

= {sm 2^04^, (3.6) 

where we used a coordinate system with the 2;— axis along the momentum transfer k, y\\n, with n = k x q/\k x q\, {q 
is the meson 3-momentum) and x||n x k. 

An important property of the w— exchange model is the universal dependence of all the from t, through the 
ratio TZ{t). An experimental check of the ^,r-dependence of the polarization transfer coefficient would be a signature 
of the validity of this model. 



B. (7-exchange 

In the case of ct— exchange it is possible to analyze the spin transfer coefficients in a general form, with a model 
independent parametrization, for two possible generalized vertexes: a + N ^ a + N and a + N ^ + N. The spin 
structure of the corresponding matrix elements can be written as follows: 

F{aN aN) ^xli^ + iS ■ fiB)xi, 
F{aN ^ itN) =x\{CS-%+D<j- q)xi, 

where A, _B, C, and D are the corresponding amplitudes, depending from three independent kinematical variables: 

w (the invariant effective mass of the produced MN— system), cosOj^ — k ■ q and t. In case of a— exchange the spin 
transfer coefficients depend only from the ratio rg{f^ = g2{t)/9o{t) of the form factors of the ddcr- vertex. For the 
nonzero (diagonal) coefficients the following expressions hold: 



y ^ 2{^ + 2rg+riy^ 2(3 + 2rg+r2)' ^"-'^ 



where the z— axis is along the 3-momentum transfer k. In this case the obscrvables K'^ contain the same information 
as T20, Eq. (5). Moreover these observables are connected by the following relation: 

The polarization properties of both protons, in the initial and final states, do not depend from the structure of 
the ddcr-vertex, but depend on the amplitudes A and B for a- production (or on the amplitudes C and D for tt 
production). 

The vector polarization P of the protons, produced in the collision of unpolarized particles has to be different from 
zero, in the general case: 

- ^ 2Xm AB* 
P = n- 



\A\^ + sin^0„\B\ 
for (7— production, and 

- i 2Im CD* 



|C|2 + 2cos6'^7^e CD* + \D\ 
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in case of 7r(77)-production. The analyzing powers in p + d — > p + M + d are determined by the evident relation: 

Ay = P. 

The dependence of the polarization P2 of the produced proton on the polarization Pi of the proton beam is described 
by the following general formulas: 

g _ g |Ap-5mX|-Bp 1^1^ ^ g ^ TZeAB* 

^2 - ^1 1^|2 + sin2^^|B|2 + 2'"^'" • m2 + sin^e^\B\^ \A\^ + sin^e„\B\^ ' 

for CT-production, and 

2- ^+|C|2 + 27eeC£'*cos^^ + |£>|2+ ^ ^ + 27^e C£>*cos^^ + I^P 

for 7r°(77)-production. 

From these formulas one derives the following expressions for the coefficients : 

1. cr-exchange with cr-production (p + d ^ p + a + d): 

Ky' = +1, 

, ^ ^ \A\^ - s^nH^\B\- 
|^|2 + sm20^|P|2' 

7?p 4 R* 

^ m2 + s«n20^|P|2 

2. (T-exchange with Tr'^-production (p + d — > p + 7r°(?7) + d): 



iiTf' = -1 

2/ ' 



K-J = -1 + 



2sm26i^|D|2 



|C|2 + 27ee CD*cos6^ + \D\^' 



|C|2+27^eCD*cose^ + |£»|2■ 



C. Case of interfering resonances 

The formulas, previously derived, are general and they can be applied to any resonance. The amplitudes A, B, C 
and D depend on the quantum numbers of the of the excited nucleonic resonances. Let us consider two cases: 

1 + 

(a) RR excitation, with = - , 

(b) TV* (1535) excitation, with = ^ . 

1. cr-exchange with with cr-production {p + d —^ p + a + d): 
We obtain the following amplitudes: 

(a) : A = /(+) iw)gi+'> , 5 = 0. 

(6) : A = cose^B, B = f^-) {t)n^-^ (w;)^^^ , ^ 

where g^'^ is the constant for the decay N* (^-^^ — ^ — » A'' + cr, liS^\w) is the corresponding propagator to 

decribe the Breit Wigner behavior: 



w — m* — 



for the excitation of iV* with mass to* and total width F; /^^^ are form factors of the vertexes p N* + a. 
2. (T-exchange with Tr'^-production {p + d ^ p + 7r°(?7) + d): 
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(5) : C^f(-)m(-){w)gi-\D^Q, 

where gl^' is the constant for the decay N* (^J^ — ^^'^ ^ N + tt. 

We can conclude that any single resonance induces zero analyzing power in the processes p + d ^ p + cr(7r) + d. 
Nonzero analyzing powers result from the interference of different resonances contributions. On the other hand the 
vector polarization transfer coefficients are nonzero for a single resonance and depend strongly on and on the 
produced meson. Using the general formulas obtained above, we find for the polarizations: 

1. (T-exchange with cr-production {p + d ^ p + a + d): 

(a) : P2=Pi. 

(b) : P2 = (-1 + 2cos^9^)Pi + 2fi{k ■ Pi) + 2cos9^Pi x ft. 

2. cr-exchange with Tr'^-production {p + d—>-p + TT^{ri) + d): 

(a) : P2 = -Pi + 2<i(q - Pi). 

(b) : P2 = -Pi + 2k{k- Pi). 



D. Polarization effects in case of interfering resonances 



In conclusion of this section we give the results for the polarization properties of protons in processes p + d 
p + M° + d, induced by the interference of tv^ro nucleonic resonances with J'^ = i^, and J'^ = i , in the 
framework of the cr— exchange model. 
1. cr-production {p + d p + a + d): 

(a) : P2 ^ rlAa, ^ = f ^ ) (1 + A^k ■ A), Aa ~ 2Im cd* , 
duj \du! J 

{b) : P2(^2kx PiTZe cd* , where: 

c=f(-\t)n'^-\w)gi~\ 



d = f^+\t)n^+\w)g^+'^ + cosO^c. 
2. 7r° (?7)-production (p + d p + Tr^{ri) + d): 

(1 + A-„k ■ Pi), Att ^ 2Im ab*, 

TZe ab* , 



(a) : P2 = nA-rr , 



da 



ib) : P2 



da\ 
duj \dijj J Q 

cos6.^Pi + ^qk- Pi + k^q- Pi 



where we used the following notations: 



a = /(+)(^)7^^+HHe^ 



b = f(-\t)n^-\w)gi~\ 

These formulas show that the T-odd analyzing power in p + d-collisions (or the polarization of the final proton, 
produced in the collision of unpolarized particles) are especially sensitive to the interference of different nucleonic 
resonances. 



IV. REMARKS ON POLARIZATION OBSERVABLES IN THE PROCESS p + a-^p + TT° + a 



The reaction p + a ^p + tt^ + q; has been considered a good tool for the study of the Roper resonance as the a 
particle, is known to be a good isoscalar probe. Calculations on this reaction have been done in ||T^ and polarization 
observables analyzed in p^ , in framework of cr-exchange. 

Two main features characterize this reaction: it is a three body reaction, in the final state, with non coplanar 
kinematics and only protons have nonzero spin. The acoplanarity is related to the following combination of 3-momenta 

: a = S—£l — ^ where pi and p2 are the three momenta of the initial and final proton, q is the 3-momentum of 

EiE2Et; 
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the produced pion and Ei, E2, E^^ the corresponding energies. This combination is present in the full set of the 5 
independent kinematical variables which are necessary for the complete description of a process 1 + 2^3 + 4 + 5. 

The variable a is connected with the azymuthal angle (j)- between two different reaction planes: the scattering plane 
of the proton (i.e. the plane defined by the 3-momentapi and p2 ) and the plane defined by the pion three-momentum 
q and the transferred momentum p = pi—p2- The polarization of the final proton can be parametrized in the following 
general form: 

P^riP„ + a{rnP„, + kPk), (4.1) 

where the unit vectors m, n and k are redefined in this section as: n = pi x p2/\pi x p2\, k = pi/\pi\, rn — n x k. 
Pn, Pin and Pfc are the three independent and nonzero components of the final proton polarization vectors. If the 
P-invariance of the strong interaction holds, the matrix element is described by the following general parametrization 
(in the CMS of the considered reaction) : 

M^xl ^■rnfi+a-kf2 + a{ifi+S-nf-^ Xi, (4-2) 

where xi a-nd X2 are the 2-component spinors of the protons in the initial and final states; /i, /2, /i and /2 are the 
scalar independent amplitudes for p + a— >p + 7r'^ + Q!, which are functions of the 5 kinematical variables, defined 
above. 

Nine coefficients of polarization transfer, Dij can be defined in terms of the scalar amplitudes fi and fi. Let's focus 

on Dnn- 

da 



In coUinear kinematics only a single and specific spin structure is present: all polarization phenomena can be 
predicted exactly, in a model independent form: 

P^mni — P^nn Pkk 

and all other polarization observables have to be identically zero, due to the azimuthal symmetry of the coUinear 
kinematics. 

In the general case, two main mechanism contribute to the matrix element for p + a^p + ir^ + a, one related to the 
projectile and the other to the target excitation. Following jl^, the Deck mechanism results from 7r-exchange, but the 
Roper excitation is induced by tr-exchange. In this hypothesis, one can show that both non-coplanar amplitudes /i 
and /2 are zero for both mechanisms, taking into account the most general properties of 7ra-scattering (for the Deck 
mechanism) and of the process a -\- N N + n (for the Roper excitation). From the spin structure given above, one 
can deduce that Dnn = 1, in the whole region of kinematical variables (for coplanar and non-coplanar kinematics). 
The polarization of the final proton has only one non-zero component, in the n-direction, i.e. along the normal to the 
proton scattering plane, and its sign and absolute value depend on the relative role of the considered mechanisms i.e. 
to the details of the corresponding amplitudes. 

This 'coplanar-like' behavior of a— and tt— exchanges in p + a ^ p + tt'~' + a is related to the fact that these 
mediators are spinless particles. Such exchanges can not connect different reaction planes. This conclusion does not 
depend on details, approximations, values of the constants or shape of form factors which are typically taken in the 
numerical applications, because it is based only on the value of the spin of the mediators. 

Earlier we suggested that the u— exchange is the most probable mechanism for the Roper excitation, in this energy 
range The most important difference with respect to a-exchange is due to the spin and has evident implications 
for the polarization phenomena: a vector particle exchange induces all four amplitudes different from zero, in the 
general case. 

Future experimental data on polarization observables for p + a-^p + ir'^+a will constitute a crucial test in order 
to disentangle the mechanisms involved. 

V. CONCLUSION 

Let us summarize the main results of the previous analysis of polarization phenomena for the Roper excitation in 
dp— and ap-collisions, in the framework of uj— exchange, that we consider as the most probable mechanism for these 
processes. 
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• Polarization effects are ricfi in information, especially for correlation experiments, like d + p — > d + p + AI, where 
M is TT— , 77- or (T— meson. 

• The dependence of the existing data on tensor analyzing power in d + p— ^d-\-X is sensitive to the value of 
the spin of exchanged particles and agrees very well with the model based on uj— exchange. 

• The contributions of the four overlapping resonances, A^ii(1440), 5ii(1535), -Di3(1520) and 5ii(1650), have to 
be taken into account, to reproduce the i— dependence of the tensor analysing power ind + p^d + X. The 
longitudinal form factor of the Roper excitation is essential for a correct description of experimental data. 

• Polarization phenomena m p + d p + d + M are sensitive to the type of the produced meson M and to the 
quantum numbers of mediators. 

• The acoplanarity of processes with three particles in the final state, introduces many new interesting aspects in 
the analysis of the spin structure of matrix elements and polarization phenomena. 

• The spin structure of matrix element for p + a^p + ir + ais characterized by four scalar amplitudes -with two 
non-coplanar amplitudes, so that the polarization vector of scattered protons has, in general, all three nonzero 
components. 



[1] L. D. Roper, Phys. Rev. Lett., 12, 340 (1964). 

[2] M. P. Rekalo and E. Tomasi-Gustafsson, Phys. Rev. C 54, 3125 (1996). 

[3] E. Tomasi-Gustafsson, M. P. Rekalo, R. Bijker, A. Leviatan and F. lachello, Phys. Rev. C. 59 (1999) 1526. 
[4] J. Banaigs et al. Phys. Lett. 45B, 531 (1973), 

R. Baldini Celio et al. Nucl. Phys. A379 447 (1972). 
[5] Exp. LNS250 (unpublished). 

[6] L.S. Azghirey et al., Phys. Lett. B 361, 21 (1995); 

L.S. Azghirey et al., Phys. Lett. B 387, 37 (1996); 

L.S. Azghirey et al., JINR Rapid Communications No. 2[88]-98. 
[7] R.T. Deck, Phys. Rev. Lett. 13 (1964) 169. 
[8] M. E. Schulze et al, Phys. Rev. Lett. 52, 597 (1984); 

R. Gilman et al. Phys. Rev. Lett. 65, 1733 (1990); 

L The et al, Phys. Rev. Lett. 67, 1773 (1991); 

D. Abbott et al, t2o collaboration, Phys. Rev. Lett 84, 5053 (2000). 
[9] R. Bijker, F. lachello and A. Leviatan, Ann. Phys. (N.Y.) 236, 69 (1994). 
[10] R. Bijker, F. lachello and A. Leviatan, Phys. Rev. C 54, 1935 (1996). 
[11] R. Bijker, F. lachello and A. Leviatan, Phys. Rev. D 55, 2862 (1997). 
[12] P.L. Chung et al., Phys. Rev. C 37, 2000 (1988). 
[13] H. P. Morsch et al, Phys. Rev. Lett. 69, 1336 (1992). 

[14] S. Hirenzaki, P. Fernandez de Cordoba and E. Oset, Phys. Rev. C 53, 277 (1996). 
[15] S. Hirenzaki, A. D. Bacher and S. Vigdor Phys. Rev. C 59, 1735 (1999). 



FIG. 1. Possible mechanisms for d + p^d + n + N: (a) deuteron excitation; (b) proton excitation. 



FIG. 2. Experimental data on T20 for d+p — » d + X at incident momenta of 3.75 GeV/c (open diamond) 5.5 GeV/c (open 
circles), 4.5 GeV/c (open squares), and 9 GeV/c (open triangles) m- The prediction of the oj— exchange model for r = is 
represented by the dashed-dotted line. The calculation with r from |9| is represented by the dotted line for the Roper excitation 
and by the solid line for the excitation of the four four resonances mentioned in the text. The t2o data from ed elastic scattering 
(filled stars) are from [^. 



FIG. 3. Vector polarization transfer coefficient Ky as a function of q, for d + p ^ d + X. The calculation with r from [^ is 
represented by the dotted line for the Roper excitation and by the solid line for the excitation of the four resonances mentioned 
in the text. 
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